The horizons of Reissner-Nordstrom black holes up to the second order of perturbative calculations are obtained in noncommutative spaces. Since the noncommutativity parameter, if it is nonzero, should be very small compared to the length scales of the system, one can always treat the noncommutative effects as some perturbations of the commutative counterpart. Because Reissner-Nordstrom black holes are non-rotating, to the first order there is no any effect due to the noncommutativity of space. The extremal Reissner-Nordstrom black holes in noncommutative spaces are also studied. As a result, we obtain a lower bound for the noncommutativity parameter.
Recently, remotivated by string theory [1] , noncommutative spaces (Moyal plane) have been studied extensively. The noncommutative spaces can be realized by the coordinate operators satisfying [x i ,x j ] = iθ ij , i, j = 1, 2, 3,
wherex are the coordinate operators and θ ij is the noncommutativity parameter and is of dimension (length) 2 . In noncommutative spaces, the usual product of fields should be replaced by the star-product
where f and g are two arbitrary infinitely differentiable functions. In noncommutative spaces we have
Our aim in this letter is to study the effects of the noncommutativity of space on Reissner-Nordstrom black holes. A spherically symmetric solution of the coupled equations of Einstein and of Maxwell is that of Reissner and Nordstrom. It presents a black hole with a mass M and a charge Q. Since one does not expect any macroscopic body to possess a net charge, the consideration of a charged black hole would appear to be outside the realm of reality. Nevertheless, the study of Reissner-Nordstrom solution contributes to our understanding of the nature of space and time. In this letter we employ Gaussian units along with natural units. Also Newton's constant is set to unity. 3 The metric of Reissner-Nordstrom black hole is given by
There are two apparent singularities at
provided M ≥ Q. Cosmic censorship dictates that this inequality holds and then there is an external event horizon at r + . The other horizon r − is the internal Cauchy horizon. The limiting case when Q = M and r + = r − is referred to as the extremal case. The area of the external event horizon, A + of Reissner-Nordstrom black holes is given by
The Hawking temperature is given by T H = κ/(2π) where κ is the surface gravity of the black hole [2] . For Reissner-Nordstrom black holes
3 In natural units we seth = c = k B = 1 and
Pl where m Pl is Planck mass, and in Gaussian system of electromagnetic units the proportionality constant k in Coulomb's law F = kqq ′ /r 2 is set to unity. 4 In mks units, the metric of Reissner-Nordstrom black hole is given by
Therefore the Hawking temperature is given by
We introduce the following metric for Reissner-Nordstrom black holes in noncommutative spaces
where the components ofr satisfy (3). The solutions of
are the singularities of the metric (9). We note that there is a new coordinate system [3]
where the new variables read the usual canonical commutation relations
So, if we change the variablesx i to x i in (10), the singularities of the metric (9) are the solutions of
This leads us to
where
ǫ ijk θ k . Using the identity
one can rewrite (14) as follows
If we put θ 3 = θ and the rest of the θ-components to zero (which can be done by a rotation or a redefinition of coordinates), then L. θ = L z θ. So, we can rewrite (16) as
This equation is a quartic polynomial equation as
Using the four roots r 1 , r 2 , r 3 and r 4 of a quartic polynomial equation and defining
one can obtain the singularities of the metric. The four roots r 1 , r 2 , r 3 , r 4 of a quartic polynomial equation
Considering (17) one can conclude that additional terms in perturbative calculations of noncommutativity of space to the first order and second order are proportional to L z and p 2 − p 2 z , respectively. On the other hand, the Reissner-Nordstrom black holes are non-rotating, L = 0 → L z = 0. So, to the first order of perturbative calculations, there is no any effect on the properties of this type of black hole due to the noncommutativity of space. To the second order of perturbative calculations, the effects of the noncommutativity of space appear if the linear momentum of this type of black hole not be zero in the plane perpendicular to the z-axis. 5 Due to the noncommutativity of space, there is a rotational symmetry breaking and a preferred direction along with the z-axis because θ 3 = θ and the rest of the θ-components to be zero.
In the limit of commutative spaces, we have r 1 = r 2 = 0 and r 3 = r − and r 4 = r + . Now, by defining the apparent singularities in noncommutative
This means that to the second order of perturbative calculations, the additional terms depend on the components of the linear momentum of this type of black hole in the x − y plane. 
one can generalize (6), (7) and (8) to noncommutative spaces. Comparing with commutative spaces, we claim cosmic censorship hypothesis in noncommutative spaces dictates that there is an external event horizon inr + . Therefore Reissner-Nordstrom black holes in noncommutative spaces have the area of external event horizon
and the Hawking temperatureT
whereκ is the surface gravity of Reissner-Nordstrom black holes in noncommutative spacesκ
Let us simplify perturbative calculations with considering extremal case. For extremal Reissner-Nordstrom black holes there is the condition M = Q. Inserting this condition in (18)-(21), for extremal Reissner-Nordstrom black holes we have
Inserting these coefficients in (26) and (27), η and τ read
On the other hand, if we suppose that ξ must be a real quantity the expression under the square root sign in (28) must be positive or zero and satisfying
This condition yields either (p
In fact if Newton's constant is not set to unity, in natural units in which
Pl , we can rewrite (38) as 64 27
Using p
where v x and v y are the speed of the ReissnerNordstrom black holes along with the x-and the y-axis respectively, Eq. (39) reads 64 27
But from the principle of special relativity the maximum value of v 2 = v 
This is an important result which shows a lower bound for the noncommutativity parameter.
To summarize, the Reissner-Nordstrom black holes have been studied in noncommutative spaces up to the second order of perturbative calculations. The noncommutativity of space causes the breaking of the rotational symmetry. Therefore, we have a preferred direction along with the z-axis. Because this type of black hole is non-rotating, there is no any effect to the first order due to the noncommutativity of space. Considering the second order of perturbative calculations, we obtain the additional terms which are proportional to both the noncommutativity parameter and the components of the linear momentum of this type of black hole in the plane perpendicular to the preferred direction. Therefore, the effects of the noncommutativity of space to the second order of perturbative calculations appear when the components of the linear momentum of the black hole in the x − y plane not be zero.
In the case of the extremal Reissner-Nordstrom black holes for which M = Q, we get the external event horizon and the internal Cauchy horizon up to the second order of perturbative calculations. As we know the horizon is a real quantity. To satisfy this property of the horizon, the parameter ξ should be a real quantity. This constraint leads us to a lower bound for the noncommutativity parameter, as given by (42). If we consider p 2 x + p 2 y to be zero, there is no any effect due to the noncommutativity of space. For example, in the rest frame in which p x = p y = p z = 0 we have p 2 x +p 2 y = 0 and therefore there is no any corrections due to the noncommutativity of space. To discuss the physical significance of metric (9) in string theory, we do need more studies about string theory. So, the connection between our study here and string theory will be an open question and a good subject for research. Our results here can be used for more studies about the thermodynamics of the Reissner-Nordstrom black holes in noncommutative spaces. This issue will be investigated in a further communication. It is worth mentioning that Schwarzschild black hole has been studied in noncommutative spaces, see [5] .
